Purpose: This study examined the impact of environmental temperature deception on the 30 rating of perceived exertion (RPE) during 30 min of fixed-intensity cycling in the heat. 31
generation of RPE when exercising at a fixed intensity in the heat. 48
INTRODUCTION
heat may stem from an overt awareness of the environmental conditions. Castle et al. [13] 77 found that a combination of body and environment temperature deception lowered RPE 78 responses at the beginning of a 30 min self-paced cycling in 33 °C. A greater amount of work 79 was completed when RPE was lower, ameliorating the heat-induced reduction in performance 80 observed when accurate temperature feedback was provided. In contrast, the isolated deception 81 of ambient temperature was found to have no statistical impact on RPE during a 5 km self-82 paced run in the heat (31 °C) [20] . Nevertheless, there was a trend for lower RPE responses 83 (~0.6 units) at the start of the run (1 km) compared the accurate feedback condition. 84
Temperature deception has previously been studied using self-paced exercise tasks, 85
where changes in RPE may be masked by alterations in mechanical work [13, 20] . Where 86 deception has been shown to improve performance and lower RPE [13] , the type of deception 87 has not been used in isolation, making it difficult to conclude the effective source (variable). 88 anchoring procedures were performed in accordance with the RPE Laboratory Manual [9] .
Participants were asked to recall different levels of RPE that corresponded with cycling 152 sessions they had recently performed (e.g., criterium races, training sessions). Secondly, 153 exercise anchoring during the V̇O2max assessment was performed to anchor low and high RPE 154 points, further confirming participants understanding of RPE [9] . After cycling, session RPE 155 (sRPE) was collected using the CR-10 scale [24] . 156
Participants cycled (Wattbike Pro; Wattbike Ltd, Nottingham, England) for 10 min at 157 a self-selected intensity while connected to the Zwift. This served as a familiarisation to 158 experimental ergometer, and a warm-up for the incremental test ( The neuromuscular function of the right quadriceps muscle group was assessed pre- [20] for the current study due to differences in 248 methodological design. Therefore, an uninformative prior distribution was used for each thinned by a factor of 10) were used to generate posterior estimates of expected variable values 252 [29, 30] . The following posterior estimates were of interest: (1) the mean and 95% CI for each 253 experimental condition; (2) the mean difference (MD; and associated 95% CI) between 254 conditions where statistically significant effects were observed (i.e., the 95% CI did not include 
RESULTS 265
Participants were debriefed once data collection was completed. All participants 266 reported they were unaware of the deception, still believing the study aimed to validate the 267 with no statistical differences observed between conditions (Table 1) . 287
Baseline Tre ( Fig. 2A) , HR ( Fig. 2C ) and V̇O2 (Fig. 2D) were not statistically different 288 between conditions. There was a statistically significant condition effect for T � sk at baseline 289 (Table 1 ). T � sk was higher in all other conditions compared to CON (d = 10.86-11.29; P d > 290 SWC = 1.00-1.00); however, this can be explained by participants entering the chamber ~5 291 min before commencing cycling. The absence of differences (with the exception of T � sk) at 292 baseline indicate that individuals arrived for each testing day in a matched physiological and 293 perceptual state. 294 295 3.2 Cycling measures 296 variables. There were statistically significant effects for time and the time*condition interaction 298 for RPE (Table 2) . RPE was higher in all conditions compared to CON from 10 min onwards (i.e., DECLOW, HOT and DECHIGH) were observed ( Fig. 1A) . 301 302 INSERT TABLE 2  303   304 Linear mixed model analysis revealed statistically significant time and condition effects 305 for thermal sensation (Table 2) . Thermal sensation was higher in all other conditions versus 306 CON at all times (d = 2.45-5.48; P d > SWC = 1.00-1.00; Fig. 1B ). Thermal sensation was not 307 different between HOT and DECLOW or DECHIGH, but was statistically different between 308 DECLOW and DECHIGH at 10, 15 and 20 min (d = 0.48-0.92; P d > SWC = 0.71-0.80; Fig. 1B ). 309 Table 2 shows there was a statistically significant condition effect for thermal comfort, 310 with ratings higher (less comfortable) in all conditions versus CON (d = 1.30-3.60; P d > SWC 311 = 0.99-1.00; Fig. 1C ). Comfort was not statistically different between the hot conditions. 312
Linear mixed model analysis revealed no statistically significant effects for Tre (Table  313 2; Fig. 2A ). There was a statistically significant condition effect for T � sk (Table 2) , with T � sk 314 higher in all conditions versus CON (d = 3.39-16.57; P d > SWC = 1.00-1.00; Fig. 2B ). T � sk 315 was not statistically different between the hot conditions. 316
There were statistically significant effects for time and the time*condition interaction 317 for HR (Table 2 ). Fig. 2C shows HR was higher in DECLOW and HOT compared to CON from 318 10 min onwards (d = 0.70-1.86; P d > SWC = 0.99-1.00), and in DECHIGH versus CON at all 319 times (d = 0.91-2.40; P d > SWC = 0.99-1.00). HR in DECHIGH was greater versus DECLOW 320 after 5 min (d = 0.49-0.54; P d > SWC = 0.99-1.00), and versus HOT from 10 min onwards 321 (d = 0.55-0.58; P d > SWC = 0.98-1.00). 2D). Oxygen consumption was not statistically different between the hot conditions. 325
The change in nude mass from pre-to-post cycling was as follows: CON -4.9 [-10.9, 1.1]). No statistically significant effects were observed for VA ( Fig. 3B ; Table 3) , 358 evoked twitch torque ( Fig. 3C ; Table 3 ) or normalised EMG (Fig. 3D) . 359 360
DISCUSSION 361
This is the first study to investigate the effect of bidirectional ambient temperature 362 deception on RPE during fixed-intensity exercise in the heat. Contrary to our hypothesis, RPE 363 was not different between the deceptive conditions and the accurate feedback trial (HOT). This 364 study suggests that in well trained-cyclists, the generation of RPE is not mediated by an 365 awareness of external environmental temperature feedback when exercising for 30 min at 50% 366 Pmax in the heat. 367
Environmental heat stress increased RPE responses, ratings of thermal sensation and 368 comfort ( Fig. 1A-C) , and induced greater physiological strain (HR, T � sk, V̇O2; Fig. 2B-D ) 369 compared to cycling in the CON trial. In the heat, environmental temperature deception did not 370 alter RPE compared to the accurate feedback condition (Fig. 1A) . In a thermal deception accurate feedback control. The lower RPE responses coincided with a lower T � sk [13] . This 373 might suggest that T � sk rather than deception was responsible for lowering RPE. Our study 374 supports this conclusion, as T � sk (Fig. 2B) Following data collection, participants were informed of the true study aim and given 381 a synopsis of the study results. Prior to receiving this information, participants were asked what 382 they believed the aim of the study was, and to comment on their performance. All participations 383 confirmed they had no knowledge of the true study aim, reporting they did not suspect the use 384 of deception. Interestingly, despite a belief they were cycling in different ambient temperatures, 385 this was not reflected in thermal sensation and comfort ratings [13, 20] . Thermal sensation was 386 statistically lower in DECLOW compared to DECHIGH from 10-20 min (Fig. 1B) ; however, the 387 0.3 unit difference (9-point scale) over this period cannot be considered practically meaningful, 388 and despite medium-to-large effect sizes (d = 0.48-0.92; P d > SWC = 0.71-0.80) most likely 389 represents sampling variability within the measure. 390
391

INSERT FIGURE 1 392 393
There is statistical evidence to suggest the warmer deception altered the cardiovascular 394 response of the fixed-intensity cycling task (Fig. 2C) . No previous investigation has included (Fig. 2C) was not the case (Fig. 1A) . In support of this, previous research has shown that elevations in 402 has been shown to occur in the absence of altered function at a peripheral muscle level [40] . In 416 a fixed-intensity cycling task, environmental heat might be expected to exacerbate reductions 417 in VA from pre-to post-cycling compared to matched performance in temperate conditions. 418
However, Fig. 3B shows environmental temperature did not effect VA. This might be 419 explained by the limited change in Tre (<1 °C; Fig. 2A ) during task, with previous reports 420 indicating hyperthermia-induced reductions in VA occur after a 1 °C increase in Tre, independent of exercise [41]. As expected, there was no evidence to suggest that participants experienced any altered function of the quadriceps muscle group at a peripheral level, as 423 indicated by evoked twitch torque (Fig. 3C) . 424
425
INSERT FIGURE 3 426 427
The present study adds insight into the influence an inaccurate awareness of 428 environmental temperature might have on RPE. However, it is prudent that several limitations 429 are acknowledged. In the heat, the prescribed exercise-intensity resulted in final mean RPE 430 responses of ~14.5 units, and only modest elevations in Tre from resting values ( Fig. 2A) . 431 Therefore, it is unclear whether the observations of the current study would hold at higher 432 exercise intensities eliciting higher RPE votes and greater thermoregulatory strain. Moreover, 433 it is unclear whether similar observations would be seen during a longer duration exercise task. 434
We found the cardiovascular response in DECHIGH interesting and perplexing. Based on 435 previous literature, it might be expected that differences could occur at the start of the task, in 436 an anticipatory manner. However, this was not the case, and support for these findings cannot 437 be taken from observations of any relevant research [12, 18] . 438
The use of trained-cyclists in this study may have contributed to RPE being unaffected 439 by the deception, with previous research suggesting the psychological component of RPE is 440 less relevant in trained individuals [42] . Finally, it is 'unclear' what constitutes successful 441 temperature deception. In this study, participants reported having no knowledge they were 442 cycling in the same hot environment, with all individuals believing the temperature was 443 different for each experimental visit. However, these beliefs were not reflected in thermal 444 sensation and comfort votes. We interpreted the lack of detection as 'successful' deception; however, how these findings (no detection, but absence of change in thermal perceptions) are 446 interpreted with respect to deception success is unclear and warrants further exploration. 447 448
CONCLUSION 449
Despite participants being under the impression they were cycling in different ambient 450 temperatures, RPE was not different between the hot conditions. Nor was this belief reflected 451 in thermal sensation and comfort votes. Although HR was higher when participants believed 452 they were cycling in a warmer environment, this did not impact RPE responses. Therefore, 453 these data suggest that an awareness of environmental temperature does not contribute to the 454 generation of RPE for trained-cyclists when exercising at a fixed-intensity in the hot-humid 455 conditions. 456 457 PERSPECTIVES 458
• A fabricated awareness of the external temperature did not contribute to the generation 459 of RPE responses when exercising at a fixed-intensity in the heat. 460
• Warmer deception resulted in a higher heart rate response to the exercise task; however, 461 this did not influence RPE. 462
• Despite participants believing they were exercising in different environments, this was 463 not reflected in thermal sensation and comfort votes. 
